Abstract. An ideal mouse model should closely mimic a clinical situation. However, for most models available, this is not the case since clinical trials frequently fail to reproduce the highly encouraging therapeutic results obtained from preclinical studies performed using mouse models. In this study, in the process of extending the application of our previously established breast tissue-derived orthotopic and metastatic (BOM) model, the human breast cancer cell line MDA-MB-231 failed to exhibit any osteotropic features that differed from previous studies. Our observations suggest that a human tissue-specific microenvironment could be an essential requirement for a successful mouse model of breast cancer. Here, multiple in vivo breast cancer models were used to confirm this hypothesis. Human breast tissue and cancellated bone were transplanted subcutaneously to female severe combined immunodeficiency disease (SCID) mice by different assemblies, to build several mouse models termed 'breast-breast', 'breastbone', 'bone-bone', 'MFP (mouse mammary fat pad)-bone', and 'MFP-breast' models. Two human breast cancer cell lines, MDA-MB-231 and MDA-MB-231BO, and the mouse breast cancer cell line TM40D were used. All cancer cells were labeled with GFP for gross observation. In addition, transplanted human tissues and various mouse tissues including bone, lung, liver, mesentery were examined microscopically. Based on morphological, immunohistochemical, and enzymohistochemical evidence obtained from several comparative experiments in 'breast-breast', 'breast-bone' and 'bone-bone' models, the BOM model was proved to be feasible and reliable. The organ tropism of the breast cancer cell line, which was derived from a mouse model by intracardiac inoculation in a pure mouse microenvironment, was reconsidered. The behavior of breast cancer cells in the mouse model was altered in response to the varying microenvironment. The results in this study suggest the human tissue-specific microenvironment is most likely an essential requirement in mouse models of breast cancer.
Introduction
According to the American Cancer Society, an estimated 192,370 new cases of breast cancer are expected to occur among women during 2009, and an estimated 40,170 deaths are expected (1) . Breast cancer metastasis is an essentially incurable disease, and is associated with a poor prognosis. Recently, more attention has been given to the treatment of breast cancer metastasis. Mouse models offer an important platform for the evaluation of anti-cancer drugs/treatments and for investigation into the mechanisms involved in breast cancer metastasis. However, clinical practices frequently fail to reproduce highly encouraging therapeutic results obtained from prior preclinical studies performed using mouse models (2) (3) (4) (5) . This disparity between animal trials and clinical outcomes confers a possible disadvantage to using mouse models.
Continuing improvements have been made in mouse models of cancer. Complete immunodeficiency of the host mouse is now more achievable prior to tumor xenograft implantation. Additionally, human cell lines and metastatic variants are used extensively, organ-selective inoculation has been developed, and human tissues can now be implanted. However, even using genetically engineered mouse models (GEMM), there is little definitive or consistent evidence that these models show any advantages over traditional and economical transplant tumor models at preclinical trials (6) (7) (8) (9) . In our previous BOM model, we showed that the human organ-specific microenvironment can make breast cancer cells proliferate and metastasize more efficiently compared to the ONCOLOGY REPORTS 24: 203-211, 2010 203 Human tissue-specific microenvironment: An essential requirement for mouse models of breast cancer mouse microenvironment (10) . The entire process of cancer metastasis is the following: growth and proliferation in the orthotopic site, detachment from the orthotopic site and invasion into the extracellular matrix (ECM), intravasation into the vessels, survival during circulation, extravasation from the vessels, and finally, growth and proliferation in the metastatic site (11, 12) . The BOM model allows the complicated interactions between cancer cells and the microenvironment involved in each of the six steps to take place in human organ-specific conditions. In order to mimic clinical bone metastasis, which occurs frequently in patients suffering from breast cancer and causes considerable complications and fatality, we implanted human bone and human breast tissue into SCID mice to establish another BOM model (breast-bone model). A well-known highly metastatic human breast cancer cell line MDA-MB-231 was used in this model. In contrast to most traditional mouse models (13, 14) , no metastasis was detected in either mouse bone or implanted human bone. Next, an osteotropic subclone, MDA-MB-231BO, derived from an intracardiac mouse model was used (13) . Surprisingly, MDA-MB-231BO showed no different property in bone metastasis compared to MDA-MB-231. The two cell lines were then introduced to the 'bone-bone' model, in which human bone was implanted in both flanks and cells were inoculated around the implanted bone on the left side. Both cell lines grew well in the left implanted human bone of inoculating side, but failed to metastasize to the right implanted human bone or mouse bone. The results indicated that these breast cancer cell lines could grow and proliferate, rather than metastasize, in implanted human bone. Furthermore, in our previous 'breastbreast' model, MDA-MB-231 could metastasize from the left implanted human breast tissue to the right implanted human breast tissue. All of these results suggested that the ability of cells to grow in bone does not imply a tendency of metastasizing to bone. The osteotropism determined by traditional methods in the mouse microenvironment seemed to be unreliable. To further confirm these results, we introduced the two cell lines to the MFP-bone model. Additionally, a mouse breast cancer cell line TM40D was used. We found human breast cancer cells exhibited significantly higher tumorigenicity in orthotopic human tissues (breast and bone) compared to orthotopic mouse tissue (MFP), while TM40D showed lower tumorigenicity in orthotopic human tissues (breast) compared to MFP.
Materials and methods
Cell culture. The human breast cancer cell lines MDA-MB-231 (ATCC) and MDA-MB-231BO (kindly provided by Dr J. Wang), and the mouse breast cancer cell line TM40D were cultured in Dulbecco's modified Eagle's medium (DMEM; Gibco, Grand Island, NY, USA), supplemented with 10% fetal bovine serum (FBS; Gibco) and 1% penicillin-streptomycin solution (Gibco) in a humidified atmosphere of 5% CO 2 at 37˚C. All three cell lines were green fluorescent protein (GFP)-positive, as previously described (10) .
Implantation of human tissues. Four-to six-week old female severe combined immunodeficient (SCID, CB-17IcrCrl-scidbgBR) mice were purchased from Model Animal Research Center of Nanjing University (MARC, Nanjing, Jiangsu Province, China). SCID mice were kept under specific pathogen free (SPF), temperature-controlled conditions (20-24˚C, humidity of 40-70%). Cages, bedding, and drinking water were autoclaved and changed weekly. Food was sterilized by irradiation. All mice were maintained on a daily cycle of 12 h of light and 12 h of darkness.
Normal human breast tissues were obtained from freshly discarded material of elective breast reduction mammoplasty surgery. Female human bone tissues were obtained from discarded femoral heads from patients undergoing total hip replacement surgery. Sample collection was performed in accordance with the ethical guidelines of the Declaration of Helsinki, and approved by the ethics and research committee of the First Affiliated Hospital of Nanjing Medical University. Breast tissues were stripped of excess fat and sliced under sterile conditions into pieces ~4 mm in width. Three pieces were selected randomly for histological examination to exclude primary malignant disease. Core bone was cut into fragments ~4 mm in width following removal from the patient. The bone fragments were washed three times in 0-4% phosphate-buffered saline (PBS). Both kinds of human tissues were placed in ice cold PBS until implantation into SCID mice. Implantation was finished within 6 h after removal surgery. Prior to implantation, mice were anesthetized by intraperitoneal injection with 1% pentobarbital sodium (10 μl/g body weight) (Sigma, Steinheim, Germany). Surgical procedures were performed as previously described, with some modifications (15) (16) (17) . Briefly, 5-6 mm scalpel incisions were made in the skin of the mid-dorsal flank, through which five pieces of human breast tissue or three pieces of bone fragments were implanted subcutaneously. The mice received gentamycin in the drinking water (800,000 U/l) up to one week following the implantation. All mice studies were conducted according to the Guide for the Care and Use of Laboratory Animals and approved by the Animal Care and Use Committee of Nanjing Medical University.
In the 'breast-breast' model, human breast tissue was implanted in both the left and the right mid-dorsal flanks. In the 'breast-bone' model, human breast tissue was implanted in the left mid-dorsal flank and human bone was implanted in the right mid-dorsal flank. Breast tissue implantation was carried out three weeks after bone implantation. In the 'bonebone' model, human bone was implanted in both the left and the right mid-dorsal flanks. In MFP models, human bone or breast was implanted in the right mid-dorsal flank.
Injection of breast cancer cells into SCID mice.
Breast cancer cells were grown to about 80% confluence and fed with fresh culture medium 24 h before inoculation. Cells were harvested using 0.25% trypsin and 0.02% disodium EDTA, washed in media, counted, and resuspended in PBS. One week after implantation of human breast tissue or four weeks after implantation of human bone, 5x10 5 breast cancer cells in 0.2 ml PBS were inoculated into each mouse. Cancer cells were inoculated into the left human breast tissue in the 'breast-breast' and the 'breast-bone' models, adjacent to the left human bones in the 'bone-bone' model, and into leftinguina mouse MFP in MFP models. Histology, immunohistochemistry, and enzymohistochemistry. HE staining. Specimens were fixed in 4% formalin (bones were then decalcified in 10% EDTA for 48-72 h), dehydrated, and embedded in paraffin. Sections ~5 μm in thickness were stained with hematoxylin and eosin and examined under a microscope.
IHC. For immunohistochemical (IHC) staining, specimens were removed from paraffin and rehydrated with xylene and graded alcohols. Sections mounted on slides were subjected to antigen retrieval by a pressure cooker, and then incubated with monoclonal mouse antibodies specific for GFP (Invitrogen) or human CD34 (Santa Cruz Biotechnology). Immunocomplexes were visualized by the DAB method, and sections were counterstained with hematoxylin. Negative controls were serial sections that were processed without primary antibody. All histological analyses were performed by one pathologist.
Enzymohistochemical staining for TRAP (tartrate-resistant acid phosphatase).
Dewaxed sections were preincubated for 20 min in buffer containing 50 mM sodium acetate and 40 mM sodium tartrate (pH 5.0). Sections were then incubated for 15 min at room temperature in the same buffer containing 2.5 mg/ml naphthol AS-MX phosphate (Sigma) in dimethylformamide as a substrate and 0.5 mg/ml fast garnetGBC (Sigma) as a color indicator for the reaction product. After washing with distilled water, the sections were counterstained with methyl green and mounted in Kaiser's glycerol jelly.
Fluorescence-activated cell sorting (FACS) analysis.
FACS analysis was conducted on the entire spleen removed from normal adult female SCID mice, or mice harboring human bone fragments at 12 weeks post-implantation. Spleen cells were isolated by dissociating the tissue with the plunger end of a 5-ml syringe and then passing the cells through a 75-μm cell culture filter. Cells were resuspended in PBS supplemented with 1% fetal bovine serum. One million cells were incubated with PerCP-Cy5.5-conjugated anti-human CD19 mAb or PerCP-Cy5.5-conjugated isotype control (BD PharMingen, San Jose, CA, USA) at a final concentration of 10 μg/ml at 37˚C for 1 h. After two washes with 1% BSA/ PBS, cells were finally resuspended in PBS and analyzed on a FACSAria flow cytometer with the CellDiva software (BD Biosciences).
Statistical analysis.
Fisher's exact test was applied using SPSS statistical software and p<0.05 was taken as the statistically significant difference. 4 , The marrow spaces; 5, the adipocytes; 6, the osteocytes; 7, the osteoblasts; 8, the osteoclasts; 9, the lobular architecture in the implanted human breast tissues. Human derived blood vessels in implanted tissues were alive and functional. (g) Anti-human CD34 staining of implanted human bone. (h) Anti-human CD34 staining of implanted human breast tissue. 10, The red blood cells in blood vessel. Scale, 100 μm (c, d, e, f, g and h). Magnifications x10, x40.
Results

Functional viability of implanted human tissues in mice.
human bone (Fig. 1a) and human breast tissue (Fig. 1b) was observed. Bone architecture and stromal cells (Fig. 1c) , osteocytes, osteoblasts (Fig. 1d), osteoclasts (Fig. 1e) , were clearly present in the implanted human bone. Glandular tube and lobular architecture were observed in the implanted human breast tissue (Fig. 1f ). Additionally, a wide variety of the normal breast cell types were clearly present in the implanted human breast (Fig. 1f) . Human-derived blood vessels were still reserved in both implanted bone (Fig. 1g ) and breast tissue (Fig. 1h ) stained positive for CD34 using a human specific antibody to CD34. Mouse serum from mice with human bone was subjected to ELISA, which showed that human IgG was present at levels of 118.7±20.4 μg/ml. Flow cytometry was performed on single-cell preparations of whole spleens from mice implanted with human bone using the human CD19 marker which is specific for human B cells. CD19 positive cells were not detected in spleen preparations from control mice devoid of human bone. In contrast, over 4% of the cells from the spleen of mice implanted with human bone were human CD19 positive (Fig. 2) . Together, these data indicated that the human tissue implants were viable in vivo.
Tumor formation following inoculation of different breast cancer cells in mouse models.
MDA-MB-231 cells grew well in orthotopic human breast tissue in both the 'breast-breast' and 'breast-bone' models. These cells could metastasize to human breast tissue but not human bone in the right side (Table I) . No metastasis was detected in human bone or mouse Table I . Tumor formation of MDA-MB-231 in 'breast-breast' model compared with 'breast-bone' model.
a 0/9 4/9 0/9 0/9 0/9 Br-Bo 9/9 0/9 0/9 4/9 1/9 0/9 0/9
MDA-MB-231 cells were detected in all orthotopic human breast tissue in both models. They metastasized to distant human breast tissue but not human bone. Mouse tissues were rarely involved except mesentery. N/M, breast cancer cells were detected in corresponding tissue in N of M mice. Br-Br, 'breast-breast' model; Br-Bo, 'breast-bone' model; Lf-Br, implanted human breast tissue in left flank (inoculating site); Rt-Br, implanted human breast tissue in right flank; Rt-Bo, implanted human bone in right flank; Ms-Bo, mouse bone; Mes, mouse mesentery; Ms-Lv, mouse liver; Ms-Lu, mouse lung. Bl-as, bloody ascites. a p<0.05, 'breast-breast' model compared with 'breast-bone' model. Table II . Tumor formation of MDA-MB-231BO compared with MDA-MB-231 in 'breast-bone' model.
9/9 0/9 0/9 3/9 0/9 0/9 0/9 231 9/9 0/9 0/9 4/9 1/9 0/9 0/9
The two cell lines were detected in all orthotopic human breast tissue in 'breast-bone' model. However, they did not metastasize to distant human and mouse bone. N/M, breast cancer cells were detected in corresponding tissue in N of M mice. Br-Bo, 'breast-bone' model; Lf-Br, implanted human breast tissue in left flank (inoculating site); Rt-Bo, implanted human bone in right flank; Ms-Bo, mouse bone; Mes, mouse mesentery; Ms-Lv, mouse liver; Ms-Lu, mouse lung; Bl-as, bloody ascites; 231BO, MDA-MB-231BO; 231, MDA-MB-231.
- ---------------------------------------------------------------------------------------------------- bone in the 'breast-bone' model following inoculation with either MDA-MB-231BO or MDA-MB-231 cells (Table II) . MDA-MB-231BO cells, however, grew much faster and were larger (Fig. 3c, d and g ) in orthotopic human breast tissue compared to MDA-MB-231 (data not shown). Both MDA-MB-231BO and MDA-MB-231 cells grew well in orthotopic human bone in the 'bone-bone' model but did not metastasize to human bone in the right side or mouse bone (Table III, Fig. 3a, b, e and f) . In the MPF-bone model, MDA-MB-231BO cells formed visible tumors in all orthotopic MFP mice (9 of 9), while MDA-MB-231 cells formed no visible tumors (0 of 10) (Table IV) .
We also noted frequent involvement of the mesentery in mouse tissue in both the BOM ('breast-breast', 'breastbone') and the MFP ('MFP-bone', 'MFP-breast') models (31/62) but not in the 'bone-bone' model (0/19), while mouse bone, lung, liver, and brain were rarely involved. Compared with the 'breast-breast' and the MFP-breast model, the mouse breast cell line TM40D grew better in orthotopic MFP than in human breast tissue. Furthermore, these cells metastasized to the mouse viscera much more widely when the MFP of mice were inoculated compared to when implanted human breast tissues were inoculated (Table V, Fig. 4) . Results from these groups above showed that tumorigenicity was weaker in human tissue and moderately enhanced in mouse tissue following inoculation of breast cancer cells into human breast tissue, around human bone (combined with human bone and the mouse microenvironment) and into mouse MFP (Table VI) .
Discussion
In our previous BOM model ('breast-breast' model), both the orthotopic and metastatic sites contained breast cancer cells of human origin. In addition, the dissemination of breast cancer cells was repeated and slight (10) are T1WI while c) and e) are T2WI. The tumor presents a high signal in T2WI, but a low signal in T1WI. The bones present a high signal in both conditions. 1, The fluorescent negative implanted human bone in the noninoculated site of the 'bone-bone' model; 2, the fluorescent tumor in the inoculated site of implanted human bone of the 'bone-bone' model; 3, the fluorescent negative implanted human bone in the right flank of the 'breastbone' model; 4, the fluorescent orthotopic tumor in implanted human breast tissue; 5, the implanted human bone; 6, the tumor. Scale, 100 μm (e and f). Magnification x10. models. It is well known that bone is the most frequent metastatic site of breast cancer, and bone metastasis comprises the most significant tumor burden in patients (18) . In the onset of this study, we established a novel BOM model consisting of human breast tissue implantation and human bone implantation into the left and right flanks of SCID mice, respectively, to mimic the clinical situation of breast cancer bone metastasis. Using MDA-MB-231 cells, tumors could be detected in implanted human breast tissue but not in human bone. Furthermore, no mouse bone metastasis was detected, which differed from widely used traditional mouse models.
Based on morphological, immunohistochemical, and enzymohistochemical results, the adult female human bone fragments implanted into SCID mice were both viable and functional for at least 12 weeks post-transplantation. All bone cell types (osteoblasts, osteoclasts, osteocytes, adipocytes, and stromal cells) were present and apparently viable. The implanted human bone was functional, as determined by high levels of human immunoglobulin (IgG) and the presence of circulating human B cells in the mouse circulation. Human CD34 expression on vascular endothelial cells indicated that human blood vessels were also present in the implanted bone. In addition, extensive neovascularization occurred to supply blood to the implants. All these suggested that the implanted human breast tissue was viable and functional. The normal human breast tissues continued to reserve the Table III . Tumor formation of MDA-MB-231BO compared with MDA-MB-231 in 'bone-bone' model.
-----------------------------------------------------------------------------------------------------Bo-Bo
Lf-Bo Rt-Bo Ms-Bo Mes Ms-Lv ----------------------------------------------------------------------------------------------------- MDA-MB-231BO (6/7) and MDA-MB-231 (9/12) were detected in implanted human bone in 'bone-bone' model. They could not metastasize to distant human and mouse bone. N/M, breast cancer cells were detected in corresponding tissue in N of M mice. Bo-Bo, 'bone-bone' model; Lf-Bo, implanted human bone in left flank (inoculating site); Rt-Bo, implanted human bone in right flank; Ms-Bo, mouse bone; Mes, mouse mesentery; Ms-Lv, mouse liver; Ms-Lu, mouse lung. Bl-as, bloody ascites; 231BO, MDA-MB-231BO; 231, MDA-MB-231.
Ms-Lu Bl-as -----------------------------------------------------------------------------------------------------
- Table IV . Tumor formation of MDA-MB-231BO compared with MDA-MB-231 in 'MFP-bone' model. - Table V . Tumor formation of TM40D in 'breast-breast' model compared with 'MFP-breast' model. -
----------------------------------------------------------------------------------------------------
glandular tube and/or lobular architecture, as well as a wide variety of the normal breast cell types, such as the breast epithelial cells and the adipocytes. The human-derived vessels remained viable within the implants for a period of 9 weeks after implantation suggesting that the implanted human breast tissue was viable during the entire in vivo period.
The breast cancer cell line MDA-MB-231 was first isolated from a pleural effusion from a patient with disseminated disease relapsing several years after removal of the primary tumor (19) . In intracardiac/tail-vein inoculated immunodeficient mouse models, these cells formed mouse bone metastases frequently, which initiated the use of these cells as an osteotropic cell line in many studies (14, 20, 21) . Some studies, however, indicated that the method of injection influenced the metastatic tropism (7, 14, (22) (23) (24) . Single-cell progenies (SCP) of MDA-MB-231 also showed a similar poor prognosis signature, but varied in metastatic tropism, and exhibited osteotropic, other organ-tropic, single-organ tropic, or multi-organ tropic properties (25) . Although MDA-MB-231 cells could form bone metastases in some specified conditions, such as following injection into the circulation or injection directly into bone, these cells did not exhibit any osteotropism in human microenvironments in this study. Since the implanted orthotopic site, the metastatic site, and the pathway between the sites were available, specific properties of MDA-MB-231 cells might explain the absence of bone metastasis. Later, a well-known osteotropic subclone of MDA-MB-231 cells, MDA-MB-231BO, was introduced to the BOM ('breast-bone') model. Surprisingly, similarly to MDA-MB-231 cells, no metastasis was detected in implanted human bone, both macroscopically and microscopically.
The 'breast-bone' model and the 'breast-breast' model were identical for the orthotopic site and cancer cell type, but differed in the metastatic site. To exclude any unknown factors that potentially interfere with breast cancer cell proliferation that might be introduced by the implantation process, a 'bone-bone' model was used in which human bone was implanted into both left and right flanks subcutaneously, and breast cancer cells were inoculated around the left implanted bone. Visible tumor masses formed in inoculated human bone, but no cancer cells were detected in the opposite flank containing human bone both macroscopically and microscopically. In addition, there was no significant difference between MDA-MB-231BO cells and MDA-MB-231 cells in the 'bone-bone' model. Considerable metastases formed in human breast tissue in the metastatic site of the BOM ('breast-breast') model, indicating that neither MDA-MB-231 cells nor the osteotropic subclone MDA-MB-231BO, which was established based on the intracardiac mouse model by repeated sequential passages in nude mice and in vitro of metastatic cells obtained from bone metastases, were osteotropic.
We noted that both MDA-MB-231BO cells and MDA-MB-231 cells failed to form any mouse bone metastases in the 'breast-breast' and the 'breast-bone' models, which differed from most traditional circulation-inoculation mouse models. It is well known that circulating tumor cells (DTCs) in breast cancer patients are rarely detectable. There are usually only 10 breast cancer cells per one million bone marrow cells, and DTCs are not detectable in every patient, even in those who develop relapsing breast cancer (26, 27) . The bone-metastasis formation in the circulation-inoculation mouse model does not imply osteotropism of breast cancer cells. Those models failed to encompass the molecular mechanisms by which breast cancer cells are attracted to target organs in a clinical situation. The bone metastasis can be attributed to the interaction between the great number of cancer cells and the capillary bed first encountered when cancer cells are injected directly into the mouse circulation, rather than the tropism of the cancer cell itself (28) . To confirm these results, the 'MFP-bone' model was used. Neither human bone nor mouse bone was metastastically involved following inoculation with MDA-MB-231BO or MDA-MB-231 cells.
Additionally, compared to MDA-MB-231 cells, when inoculated into human breast tissue and MFP mice, MDA-MB-231BO cells displayed higher tumorigenicity, but no difference in osteotropism. These cells formed significantly larger masses in human breast tissue, and formed visible tumors in MFP mice; MDA-MB-231 cells failed to do so. These results indicated that the repeat passages in mice that were adverse to human cells enhanced the poordiagnosis feature rather than selecting for the organ-specific tropism. These data were consistent with the SCP study of MDA-MB-231 cells (25) . The unsuitable heterogeneic microenvironment in the mouse enhanced the adaptability, tumorigenicity, and invasion of these cells, while the organspecific tropism was not well developed because of the species disparity.
In studies based on mouse models, interactions between breast cancer cells and the microenvironment were essential (29) (30) (31) (32) . When cells were inoculated into human breast, around human bone (combined with human bone and the 
Hu-exc Mou-exc Hu-exc Mou- exc  ------------------------------------------------ -------------------------------------------------mouse microenvironment) and into mouse MFP, the tumorigenicity was weakened in human tissue, but moderately enhanced in mouse tissue. In BOM models, MFP models, and the 'bone-bone' model, the frequent target organs mentioned in traditional mouse models including bone, lung, liver, and brain were rarely involved, while mesentery was involved generally and frequently. The behavior pattern of breast cancer cells in the mouse model is mainly regulated by two types of interactions: the species-specific interactions and the organ-specific interactions between cancer cells and host tissue. To confirm these observations, the mouse breast cancer cell line TM40D was introduced to the 'breast-breast' model and the 'MFP-breast' model. These cells failed to form any metastases in the opposing flank containing human breast tissue in the two models. In the 'breast-breast' model, TM40D cells grew in human breast tissue in the inoculating site and rarely metastasized to mouse tissue. In the 'MFPbreast' model, these cells grew and metastasized in mouse tissues vigorously, which induced bloody ascites in seven of eight mice in this group and caused death for two mice before the end point of the experiment. Multiple comparative in vivo experiments in the present study proved BOM models were feasible and reliable by confirming every general aspect of breast cancer bone metastasis. The differences in the metastatic phenotype of MDA-MB-231 cells between the BOM model and other mouse models without a human microenvironment suggested that the true metastatic phenotype can not be ascertained through the method of blood circulation inoculation. Species-specific and tissue-specific interactions between breast cancer cells and host tissues influence the behavior of tumors in orthotopic and metastatic mouse models. The human tissue-specific microenvironment is a fundamental factor in orthotopic and metastatic breast cancer mouse models of clinically relevant studies. Further investigation is required to complete the breast cancer metastatic variant theory and practice, such as the isolation of subclones based on the BOM model principle. Studies regarding metastatic variants of breast cancer should consider human tissue-specific microenvironment as an essential factor. At the very least, conclusions should be confirmed by reasonable models with human tissue-specific microenvironments and the most clinically relevant inoculation methods. These principles may also be suitable for mouse models of many other solid tumors.
